T he upward trend of overweight and obesity and associated risks (i.e., cardiovascular diseases, Type 2 diabetes, osteoarthritis, gallbladder disease, some cancers, and premature death) [1] [2] [3] [4] has been paralleled by a global change in dietary patterns leading to higher levels of energy intake, as well as by a notable reduction in levels of physical activity. 5 The increase in energy intake is mostly from higher dietary fat and sugar intakes. In the United States, 15-25% of average daily total energy intake of adults is derived from beverages. 6 Further, the consumption of sugar-sweetened beverages (SSB) has increased over the past 20 years, to the point that SSB has become the largest source of beverage calories for American adults today.
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Concomitant increases in the consumption of SSB and obesity rates in the adult population suggest a possible causative association. 6, 8, 9 Although the relationship between beverage consumption and weight management in children has been addressed frequently in recent literature, 1 studies on the adult population are few. There are no data on Canadian adults with respect to this question.
In Canada, the only available comprehensive nutrition dataset is the Canadian Community Health Survey Cycle 2.2 (CCHS 2.2), conducted in 2004, which provides information on food intake (including beverages) of Canadians, as well as measured weight and height at both national and provincial levels. Descriptive data on beverage consumption of Canadians and patterns of beverage intake of Canadian adults have been analyzed and reported previously. 10 However, to our knowledge, no studies have investigated the association between sugar-sweetened beverages and overweight and obesity defined by body mass index (BMI) on a national scale.
METHODS

Study population
Data from CCHS 2.2 were used. Data on demographics, socioeconomic and health status were gathered by interviews, while height and weight were measured by standardized methods. 11 Additional details on CCHS 2.2 can be found elsewhere. 12, 13 From the 35,107 participants in CCHS 2.2, we excluded individuals >65 or <19 years of age, as well as pregnant and breastfeeding women; the resulting population of interest had a sample size of 14,304. Further, we identified and excluded those who had a missing value for energy intake (n=15) and those who reported implausible energy intakes
Body size and covariate measures
Measured height and weight values were used and a new categorical BMI variable was created based on the WHO BMI classifications for overweight and obesity. 15 The portion of the sample classified as underweight was very small (1%), and being irrelevant to our study, was excluded from the analyses. Three categories of "BMI" variable were defined as normal, overweight, and obesity.
Beverage pattern formation
Beverages consumed were extracted through a multiple-step procedure of detection, classification, coding, merging and correction from the CCHS 2.2 data files. These beverages were categorized based on energy and nutrient content. 16 Beverage weight (in grams) or/and energy (in kcal) was/were used in all analyses.
Canadian adults were classified into distinct groups based on the predominant patterns of beverage intake using cluster analysis, K-means method. Optimal number of clusters was determined using Cubic Clustering Criterion (CCC), Pseudo-F statistic (PFS), and interpretability. 17 For interpretability to be achieved, a clear and unique pattern of intake for each cluster was necessary. Among all cluster set analyses, the cluster with the highest number of participants emerged as a mixed cluster, where no dominant pattern of beverage intake was found. This observation was consistent with other cluster analyses on dietary intake representing the majority of the population who consume a variety of beverages in their diet. 16, 18 Details of our approach in cluster analyses are explained elsewhere ("unpublished observations").
Statistical analysis
The mean intake and standard error of the mean of each beverage group (grams/day), total beverage consumption (g/d), and the percentage of total energy intake from beverages were calculated in all clusters. The means and frequencies for sample characteristics (e.g., household education, food security, ethnicity, and income) were determined. To test differences across beverage patterns, χ 2 tests were used for categorical variables, and the investigation of overlapping of 95% confidence intervals was used for continuous variables.
Logistic regression analyses were conducted to evaluate the association between the patterns of beverage consumption in Canadian adults and overweight, obesity and overweight/obesity (defined by BMI) controlling for potential confounders (i.e., age, area of residence, season, ethnicity, marital status, immigration status, smoking habits, food security, energy intake from food, physical activity index, respondent education level, and household income) with outcome variables (i.e., overweight, obesity and overweight/obesity).
These steps were carried out for both sex groups in all participants, and in participants with plausible energy intake. All analyses were weighted and bootstrapped using appropriate weight variables provided by Statistics Canada to obtain estimates at the population level. 13 Results are presented as odds ratios (OR) with 95% confidence intervals (CI). In all analyses, alpha was set at the 0. 
RESULTS
In total male population (n=6,814) and in total female population (n=7,463), a seven-cluster solution and a six-cluster solution, respectively, were determined to be most appropriate. For male population with plausible energy intake (n=5,748) and for female population with plausible energy intake (n=6,063), a five-cluster solution and a six-cluster solution, respectively, were determined to be most appropriate. The beverage clusters were named using the predominant beverage in corresponding cluster. The number of subjects in each clustering solution as well as the intake of the cluster-defining beverage are presented in Table 1 .
In men, BMI ranged from 26.4 ± 0.4 kg/m 2 in the fruit drink cluster to 27.7 ± 0.4 kg/m 2 in milk and tea clusters. In women, BMI ranged from 26.1 ± 0.4 kg/m 2 in the tea drinker cluster to 28.3 ± 1 kg/m 2 in the fruit drink cluster, significantly higher than the tea drinker group (p<0.05). BMI categories of patterns of beverage intake across clusters in men and women are presented in Table 2 .
Logistic regression analysis
Logistic regression models were used to evaluate the association between patterns of beverage consumption with overweight, obesity, and overweight/obesity, adjusting for possible confounders, including: age, area of residence, season, ethnicity, marital status, immigration status, smoking habits, food security, total energy (Figure 1 ).
DISCUSSION
In our study, among six beverage clusters in women, BMI of fruit drink consumers was significantly higher than BMI in tea drinker and mix groups. Further, to evaluate the relationship between beverage patterns and overweight/obesity in women, results from logistic regression showed that, adjusting for total energy intake and other potential confounders, those whose dominant beverage intake was fruit drink were 84% more likely to be overweight, 2.55 times more likely to be obese, and 2.05 times more likely to be overweight/obese compared with those who drank a combination of beverages. In subanalyses excluding participants with implausible energy intake, fruit drink was a significant predictor for obesity and for overweight/obesity. In men, none of the beverage clusters were significant predictors of overweight and obesity. Several studies suggest that sugar-sweetened fruit drinks contribute to overweight and obesity because of excess calorie intake that offers low satiety. 19, 20 However, short-term studies in humans 21, 22 and experimental studies in animals 23 show that this extra energy provided by sugar-sweetened beverages does not affect subsequent food and energy intake from solid foods. 24 Liebman et al. 25 state that men may be better able to maintain caloric balance, even with the higher energy intakes associated with the consumption of larger beverage sizes. This might explain why there was no positive association of fruit drink pattern and overweight/obesity in men.
Our findings are similar to evidence from other cross-sectional studies on adults, 25, 26 showing a strong positive relationship between sugar-sweetened beverages and BMI, and obesity in female but not male subpopulation. The comprehensive data on dietary intake as well as cluster analyses allowed us to determine the type of sugar-sweetened beverage, i.e., "fruit drink", associated with risk of overweight and obesity and subpopulation with dominant intake of fruit drinks. We also considered the impact of underreporting the energy intake by excluding participants with implau- Odds Ratio (Fruit Drink)
Female Adults with Plausible Energy Intake n=6063
Total Female Adults n=7479 sible energy intake. Moreover, our study had a considerably larger number of participants, representative of the Canadian population, with CCHS-measured height and weight, while other studies were based on data from self-reported or self-measured height and weight. Our study, like other studies that used large survey data, has some limitations due to the study design with regard to survey data and analytical approaches. Cross-sectional data do not allow us to determine the temporal relationship between beverage intake and adults' weight. In general, using survey data such as CCHS may restrict investigation into other factors that may impact the relationship. However, in our statistical models, we controlled for all potential confounders that might affect the relationship between patterns of beverage intake and BMI. The positive association between obesity, overweight/obesity and dominant pattern of fruit drink intake after adjusting for total energy intake and excluding implausible energy intake supports the notion that this association is not mediated through energy intake.
Data from a single 24-hour recall does not reflect day-to-day variation in usual pattern of dietary intake at the individual level; however, when the purpose is assessing dietary intakes at the population level, the mean intake from one day provides an estimate of the usual intake for the population. 11 Further, we determined the best cluster solution by plotting Pseudo-F statistics and CCC, and identifying meaningful emerging beverage consumption patterns that are interpretable both statistically and in the light of most recent literature. In addition, the large sample size (n=14,304) allowed us to identify discrete beverage patterns, and it was less likely to commit type II error by narrowing confidence intervals. Hence, such an approach is more comprehensive in identifying patterns of beverage consumption in a population compared to regular analysis where only mean intake of beverages is determined.
In conclusion, evidence from other studies indicates considerable increase in consumption of sugar-sweetened beverages globally. This is the first study that reports that Canadian women with dominant pattern of sugar-sweetened beverages, mainly from fruit drinks, are more at risk of overweight and/or obesity compared to those who have a relatively moderate intake of all beverages. The presence of positive association between fruit drink and overweight/obesity after controlling for potential mediators in a nationally representative sample indicates the importance of our findings. Most obesity-prevention policies have targeted carbonated soft drinks and focused mainly on children. Our finding indicates that fruit drinks, as another type of sugar-sweetened beverage, raise similar health concerns in adult women. Mots clés : obésité; surpoids; boissons; femmes
